The ionic solvent, 1-butyl-3-methyl imidazolium chloride was used to dissolve the samples. Two lignocellulosic material including bagasse soda lignin and Populus deltoides wood flour were used. One gram of samples were dissolved in 10 ml ionic solvent, 1-butyl-3-methyl-imidazolium chloride at 70 ºC for 72 h while stirring with a magnetic stirrer. The wood flour and lignin samples were acetylated with addition of acetic anhydride to each container with a ratio of 0.25 ml/ 0.25 ml. The samples were heated for 3 days at 110 ° C. Two control samples (without acetylation) and two treatments (acetylation) were used. The functional groups were determined using FT-IR Spectrometer. The number and type of carbon and their structure were examined using 13 CNMR Spectrometer. The guaiacyl, syringyl, coniferyl alcohol and biphenyls structures were identified.
INTRODUCTION
Lignin is the second most abundant natural polymer. So far, suitable industrial applications have not been found for lignin. The reason for this is the lack of adequate studies on the chemical structure of this biological polymer 1, 2 . Annually, approximately 58.1 tons of pulp is produced throughout the world. Lignin is the byproduct of pulp production industry. Due to the high volume of pulp production, one can expect that a large amount of lignin is produced annually as solution is the baking liquid. Industrial, Kraft, soda lignins and those produced in semi-chemical
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www.orientjchem.org Est. 1984 An 4 ] are capable of dissolving wood 5, 6 . It seems that the use of these solvents may provide an opportunity for dissolution and studying various types of lignins including industrial lignin [7] [8] [9] . In this study, an industrial lignin (soda) was dissolved in an ionic solvent, 1-butyl 3-methyl-imidazolium chloride [BMIMCl] and its chemical structure was studied using spectroscopy methods. The dissolution of cellulose and wood flour in the ionic solvent, 1-butyl-3-methyl imidazolium chloride was also examined. Due to the large volume of industrial lignin, the chemical structure of industrial lignins and the chemical reactions involved in chemical curing process as well as the mechanism for converting this polymer into other good and valuable chemical products can be studied using this method.
MATERIALS AND METHODS

Materials
Two lignocellulosic materials were used
Populus deltoides wood flour with a sieve (200 mesh) was completely powdered by ball milling.
Lignin: the liquor of baking soda process was precipitated by sulfuric acid and then centrifuged. The lignin was extracted as follows:
The pH of the black liquor from baking soda process was reached close to zero by adding 4 N sulfuric acid (about 72%). Sulfuric acid reacts with lignin in alkaline solution, and converts lignin into water-insoluble form. Then, the lignin was precipitated and separated from solution by centrifugation. A mixture of lignin and salt water was poured into Falcon and placed in centrifuge device. The separation process was performed for 10 min at 1000 rpm. To ensure that all salt is removed from the mixture, the distilled water was again added to Falcon and stirred and then was centrifuged after filtering the salt water. The lignin was removed from the Falcon and transferred to an oven with a temperature of 60 °C. The lignin was used after drying for 48 h.
Synthesis, Separation and Recycling Methods
First, the 1-chlorobutane (131.63 ml) and 1-methyl imidazole (79.33 ml) were mixed with a same molar ratio (1.26 mol). The mixture was poured into the balloon. The balloon was placed into the oil bath on a heater or magnetic stirrer (magnet located inside the balloon). A condenser with cooling water flow was placed on the balloon to isolate the system. The mixture was stirred by a magnetic stirrer with a speed of 500 rpm at 70 ºC for 3 days (72 h). Thus, the ionic solvent, 1-butyl-3-methyl-imidazolium chloride was produced. After completion of the synthesis, the ionic liquid was purified. Thus, the as-synthesized 1-butyl-3-methyl-imidazolium chloride was poured into the funnel separator and then ethyl acetate was added, half the volume of the ionic solvent (about 100 mL) to dissolve and remove imidazole, and neutralized butyl chloride form the ionic solvent, 1-butyl-3-methyl-imidazolium chloride. Ethyl acetate was stirred vigorously for 10 min. A two-phase mixture was formed. The upper colorless substance on the surface, i.e. ethyl acetate, was removed from the surface of ionic solvent, 1-butyl-3-methylimidazolium chloride. This procedure was repeated 3 times. Then, the ethyl acetate remaining in the ionic solvent, 1-butyl-3-methyl-imidazolium chloride was recycled by evaporation and purified 1-butyl-3-methyl-imidazolium chloride was obtained (the color of purified ionic solvent is pale yellow.
The dissolution process
Ionic solvent, 1-butyl-3-methylimidazolium chloride and the lignocellulosic material (bagasse lignin, Populus deltoides wood flour) were poured into a capped glass container with a ratio of 10ml: 1g (two containers for each substance). A magnet was put on the container and it then put into the oil bath on a magnetic stirrer with a temperature of 70°C. After several hours, due to increasing the viscosity by dissolution, the temperature raised to 110°C. The time for complete dissolution was 3 days.
The acetylation process
Acetylation process was performed on wood flour and lignin treatments. Five drops of acetic anhydride (0.25 ml) was added to 0.5 ml of solution. The mixture was stirred on a magnetic stirrer at 110ºC for 72 h (3 days). In subsequent studies, two control samples (non-acetylated) and acetylated treatments were used.
Populus deltoides wood flour and soda bagasse lignin (acetylated and non-acetylated) samples dissolved in DMSO were used in FT-IR and 13CNMR spectroscopy studies. The various functional groups in Populus deltoides wood flour, soda bagasse lignin (acetylated and nonacetylated) and cellulose (not acetylated) were determined by a FT-IT Spectrophotometer (PerkinElmer Spectrum RXI). The type and number of carbons and the chemical structures in Populus deltoides wood flour (acetylated and nonacetylated) and soda bagasse lignin (acetylated and non-acetylated) were identified using 13 CNMR (Avance, Bruker) with a frequency of 400 MHz. The resulting spectrum of the extract obtained from dissolution of Populus deltoides and bagasse soda lignin in DMSO-d 6 was placed for 1 day in the 13 CNMR spectrophotometer.
RESULTS
FT-IR spectroscopy FT-IR spectra of non-acetylated bagasse soda lignin
The band corresponding to stretching mode of hydrogen (OH, alcohol or phenol) appears at 3424.38 cm -1 (Fig 2) .
The bands appears at 2086.31-3148.71 cm -1 correspond to stretching mode of C-H in alkanes (methyl and methylene groups). The band corresponding to stretching mode of C-H, SP2 in aromatics appears at 3148.71 cm -1 . The bands corresponding to stretching mode of C-H, SP3 appear at 2960 to 3084.01 cm -1 . The band corresponding to asymmetric stretching mode of CH 2 -SP3 appears at 2936.14 cm The band appeared at 1634.83 cm -1 can be correspond to the stretching mode of carbonyl group. The absorption frequency has been decreased due to unsaturated alpha-and betacarbon coupling or ring stretching.
The bands corresponding to stretching mode of aromatic C-C, SP2 appear at 1520.53 to 1572 cm -1 .
The bands corresponding to bending scissoring mode of CH 2 appear at 1429.82 to 1466.82 cm -1 , which is characteristic of lignin. If it is connected directly to the carbonyl group, and strong absorption will be appeared which is not the case here.
The band corresponding to asymmetric bending of CH 3 appears at 1382.31 cm -1 .
Since the hydrocarbon is cyclic, the symmetric bending mode of CH 3 is not observed at 1375 cm -1 . The band corresponding to alkyl substituted alkene appears at 910 cm -1 . When connected to a double bond, it pulls electrons through resonance and the band shifts to higher wavenumbers and appears at about 950.11 cm 
FT-IR spectra of non-acetylated Populus deltoides wood flour
The band corresponding to the stretching mode of hydrogen (OH, alcohol or phenol) appears at 3424.38 cm -1 . (Fig. 3) The bands appear at 2084.22-3148.13 cm -1 correspond to stretching mode of C-H in alkanes (methyl and methylene groups). The band corresponding to stretching mode of C-H, SP2 in aromatics appears at 3145.13 cm -1 . The bands corresponding to stretching mode of C-H, SP3 appear at 2960.14 to 3084.99 cm -1 . The band corresponding to symmetric stretching mode of CH 2 -SP3 appears at 2935.09 cm -1 . The band corresponding to symmetric stretching mode of CH 3 -SP3 appears at 2875.76 cm -1 . The couple bands correspond to stretching mode of C-H appear at 2743.42 cm -1 which is used to distinguish aldehyde from ketone. A few bands corresponding to C-H are observed at 2084.22 to 2583.31 cm -1 .
The band corresponding to stretching mode of aldehyde carbonyl bond appears at 1718.16 cm -1 . Its absorption frequency reduced due to coupled system, unsaturated alpha and beta carbon and conjugated carbonyl in wood flour lignin.
The band corresponding to stretching mode of C=C in alkene appears at 1634.83 cm -1 indicative of aromatic ring.
The band appeared at 1634.83 cm -1 can be correspond to the stretching mode of carbonyl group. The absorption frequency has been decreased due to unsaturated alpha-and betacarbon coupling or ring stretching.
Since the hydrocarbon is cyclic, the symmetric bending mode of CH 3 is not observed at 1375 cm 1 . can be attributed to the mono-substituted rings in the structure of compounds.
The bands appeared at 624.94, 654, 755.61 cm -1 correspond to out of plane bending of C-H. The opp band is indicative of mono and bi substituted rings.
FT-IR spectra of acetylated Populus deltoides wood flour
The band corresponding to the stretching mode of hydrogen (OH, alcohol or phenol) appears at 3386.99 cm -1 . (Fig. 4) The bands appears at 2922.99-311.81 cm 
FT-IR spectra of acetylated bagasse soda lignin
The band corresponding to the stretching mode of hydrogen (OH, alcohol or phenol) appears at 3421.73 cm -1 . The intensity and width of this band is higher than that of Populus deltoides.
The bands appear at 2094.16-2960.01 cm -1 corresponds to stretching mode of C-H in alkanes (methyl and methylene groups). The band corresponding to stretching mode of C-H, SP2 in aromatics or alkenes appears at 3083 to 3146.50 cm -1 . The band corresponding to stretching mode of C-H, SP3 appears at 2960.01 cm -1 . The band corresponding to asymmetric stretching mode of CH 2 -SP3 appears at 2937.11 cm -1 . The band corresponding to symmetric stretching mode of CH 3 , SP3 appears at 2874.45 cm -1 . The couple bands corresponding to stretching mode of C-H appear at 2737.66 cm -1 . A few bands corresponding to hydrocarbon C-H appear at 2094.16 cm -1 . (Fig. 5) The band corresponding to stretching mode of carbonyl appears at 1636.01 cm -1 . The band The band corresponding to alkyl substituted alkene appears at 910 cm -1 . When connected to a double bond, it pulls electrons through resonance and the band shifts to higher wavenumbers and appears at about 950.19 cm -1 which shows C-C, SP2 in alkenes.
The bands appeared at 653.65, 759.56 and 846.59 cm -1 correspond to out of plane bending vibration of the meta bi-substituted ring (meta sub opp). The band appeared at 622.31, 653.65, 759.56 and 846.59 cm -1 can be attributed to the out of plane bending of C-H.
13
CNMR spectroscopy 13 CNMR spectra of non-acetylated bagasse soda lignin (Fig. 6) 13 CNMR spectra of non-acetylated Populus deltoides wood flour (Fig. 7) The structural units of two non-acetylated modes (Fig. 8) (γ-OH) is observed in spirodienone structure (V). The γ-carbon atoms attached to the hydroxyl group was found the β-1 (™V) structure.
The ³-carbon atoms attached to the hydroxyl group is observed in phenyl coumarin structure (™™™). The ±-carbon atoms attached to the hydroxyl group is found in the structure (X). Using the spirodienone structure (V), it can be concluded both guaiacyl and syringyl structures could be existed.
The signals appeared at 70-73 ppm in Populus deltoides wood flour correspond to the α-carbon atoms attached to the hydroxyl (α-OH) in β-O-4 structure (™), α-carbon atoms attached to the hydroxyl in the β-1 structure (™V), β-carbon atoms attached to oxygen (C³-o) and carbohydrate carbon atoms in pino-/syringaresinol structure (β-β) (IV). No spectrum is observed in range of 70-73 ppm for the bagasse soda lignin. (Fig. 9 ) The cluster signal observed at 56-64 ppm in both compounds corresponds to the β-carbon atoms in Spirodienone structure (V). (Fig. 10) The cluster signal observed at 64-73 ppm in Populus deltoides wood flour belongs to the ³ atoms in γ-o-Alk. No spectrum is observed in range of 70-73 ppm for the bagasse soda lignin.
The signals appeared at 81-82 ppm in the bagasse soda lignin correspond to the β-carbon atoms attached to oxygen and the α-carbon atoms in β-o-4 structure (I), β-carbon atoms attached to oxygen and α-carbon atoms in β-o-4 structure (II), α-carbon atoms attached to β-o-4 units in spirodienone structure (V), α-carbon atoms in phenyl coumarin structure (III) and α-carbon atoms in pino-/syringaresinol structure (β-β) (IV). Some weak peaks are observed in the range of 81-82 ppm for the Populus deltoides wood flour. (Fig. 11) The aromatic region of 121-131 ppm contains phenyl coumarin (III) or biphenyl structures (XIV). (Fig. 12) The signals appeared at 137-139 ppm belong to C 1 atoms of guaiacyl (g) units in β-o-4 structure (II). (Fig. 13) The signals appeared at 140-142 ppm in the lignin of Populus deltoides wood flour correspond to C 4 and C4 of aromatic bonds in biphenyl structure (5-5') (VIX). No spectrum is observed in range of 140-142 ppm for the bagasse soda lignin. (Fig. 14) The signal appeared at 148 ppm in bagasse soda lignin has a single spectrum corresponding to C3 of non-condensed aromatic connections in guaiacyl (g). No spectrum is observed in range of 140-142 ppm for Populus deltoides wood flour. (Fig. 15) The signal appeared at 162 ppm corresponds to C-4 attached to oxygen in paracoumaryl alcohol (h) which is observed in both Populus deltoides wood flour and bagasse soda lignin.
The difference between the integral of 142-162 ppm in Populus deltoides wood flour and bagasse soda lignin represents the hydroxyl groups of guaiacyl (g) units. (Fig. 16) The signal appeared at 171-173 ppm contains aliphatic COOR groups observed in Populus deltoides wood flour and the soda bagasse lignin. (Fig. 18) 
Analysis of the structural units in acetylated form
The signal appeared at 38-40 ppm in the acetylated bagasse soda lignin as 7 high peaks (due to high concentration of DMSO) and in the acetylated Populus deltoides wood flour as 7 short peaks (due to the low concentration of DMSO) has an unknown structure.
The signal appeared at 47-48 ppm (3 peaks) in the acetylated bagasse soda lignin corresponds to the β-carbon atoms in the β-1 structure (VI) and β-carbon atoms in the phenyl coumarin (III). No spectrum is observed in range of 140-142 ppm for Populus deltoides wood flour. (Fig.  19) The signal appeared at 59-61 ppm in both acetylated compounds contains γ-carbon units in the structure (XI). (Fig. 20) The signal appeared at 59-61 ppm in both acetylated compounds contains clustered OH pri .
The aromatic region of the 13 CNMR spectrum in the range of 120-128 ppm includes phenyl coumarin (III) or biphenyl (XIV) structures. (Fig. 21) The spectrum appeared at 170-173 ppm in the spectra of both acetylated compounds contains the C 4 of the syringyl section (s) in spirodienone structure (V). (Fig. 22) 
DISCUSSION
Reaction time and temperature
The wood structure is complex because of cellulose, hemicellulose and lignin. There are many bonds such as hydrogen bonding and covalent bonds between the inner and outer molecules of the wood. Therefore, more energy is required to break these bonds [1, 2] . So the wood liquefaction reaction is generally carried out at high temperatures. Ionic liquids keep the temperature low and the temperature changes with the molecular structure of ionic liquids. The liquefaction yield in [BMIM] [Cl] is about 80%. The benefits of ionic liquids are more obvious in their effects on reaction time and temperature. ( Fig. 23) The structure of ionic liquids The cationic structure
The imidazole substitutes the cationic portion of the ionic liquid which is an alkylsubstituted group. An alkyl group has a long chain for effective distribution of the electrical charge and lowers the melting point of ionic liquids. In the course of wood liquefaction, ionic liquids with low melting point have a wide range of liquefaction in which the concentration and acidity of the functional group increases. This feature improves liquefaction. The wood liquefaction by the ionic liquid, 1-butyl-3-methyl imidazolium chloride provides a good temperature stability. The energy between carbon, hydrogen and delocalized atoms in this ionic liquid is strong. This strong force increases the thermal stability of ionic liquids, and ensures the ability to dynamical control of liquefaction and the activity of functional groups 10, 11 . 4 , and then the hydrogen bonds in the imidazolium cation become weak to reduce the adhesion of ionic liquids.
The ability to recycle the ionic liquid
The ionic liquid may be separated from the products based on good thermal stability, lack of vapor tension and the lack of any azeotrope. The recycled ionic liquid could be used three times for wood liquefaction to maintain the initial level of liquefaction with minimal changes in the liquefaction activity. It has been found that this ionic liquid can be recycled as a wood liquefaction reagent.
Lack of high-speed operation is one of disadvantages in our measurements. Because, for high-viscous samples such as lignin and cellulose, the samples should be placed in 13 CNMR spectrometer for 24 to 48 h; usually this operation will damage the device during a long time and actually can cause failure of the device.
CONCLUSION
Wood liquefaction is achieved using ionic liquid, 1-butyl-3-methyl imidazolium chloride as liquefaction reagent at low temperature. The ionic liquids with acidic anionic groups such as [Cl/AlCl 3 ] have high liquefaction yields in the same conditions. Ionic liquids significantly reduced liquefaction time and temperature. The liquid to wood ratio of these ionic liquids accelerated the reaction and increased access to liquefaction. The liquefaction feature of ionic liquids depends on their molecular structure. The anionic group, [Cl/AlCl n ], equipped ionic liquids with Lewis acid to increase the breakage of bonds such as hydrogen bonds in cellulose, hemicellulose and lignin 12 .
Although without acidic power, [Cl -] is a strong hydrogen bond acceptor and could weaken the hydrogen bonds. The cationic group of the alkyl chain results in asymmetry of the imidazole molecule structure, low melting point of ionic liquids and increased liquefaction range. Ionic liquids can be separated from the products after liquefaction. They can be recycled with appropriate activity [13] . Ionic liquids should be recycled with high recovery rate following wood liquefaction due to the relatively high price. The ionic liquids with appropriate activity and recycling rate may be used as an alternative for the existing liquefaction reagents. The relationship between the molecular structure of the ionic liquid and wood liquefaction properties should be further investigated. The type and shape of anion and cation of the ionic liquid determine the melting point, thermal stability, adhesion, solubility, acidity, anionic coordination and etc. These properties can be set for wood liquefaction [14] [15] [16] .
The results showed that the ionic solvent, 1-butyl-3-methyl imidazolium chloride can dissolve cellulose, bagasse soda lignin and Populus deltoides wood flour and subsequently the wood will turn to liquid. According to the results, it can be concluded that this ionic solvent, not only as a solvent for wood components, but it could be used as a chemical reagent to turn them into lower molecular weight compounds. These findings suggest that the ionic solvent, 1-butyl-3-methyl imidazolium chloride can also be used for chemical conversion of wood and extraction of chemicals.
Suggestionś
The relationship between molecular structure of ionic liquid and wood liquefaction properties should be further investigated.´A nother ionic liquid may be used for recycling process. Kraft lignin can be used instead of soda lignin. The samples may be investigated by 13 
